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Novelty

1. The invention as defined in claims 1,9, 19, 23 and 25, at least is not new because it
has already been disclosed in the following document:

US2002/0176396 A1 (HAMMEL)

Inventive step

2 The invention as defined in claims 3, 13 and 21 is obvious in view of what has

<.

already been disclosed in the following document:
US2002/0176396A1 (HAMMEL)
3. A skilled man would consider it obvious for such a system to transmit an

authentication response failure message and consequently, claims 3, 13 and 21 are
considered not to add an inventive feature.
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TITLE OF THE INVENTION

Load balancing in wireless communication network

FIELD OF THE INVENTION

The present invention relatss to a method for load
kalancing in a wireless communication network, a
corresponding system, a loza control device, a
corresponding access point usable in a wirelass
communication network, a correspoending network element
usable in a wireless commurication network, a Corresponding
subscriber terminal usable in a wireless communication
network and a computer program product for implementing the
method for load balancing in a wireless communication

network.

BACKGROUND OF THE INVENTION

In the last years wireless communication networks, for
example for date and/or speech transmissions, became mera
and more important. One exahple for such a wireless
communication network is a wireless local area network
2WLAN), independent of a radio frequency or the like
(infrared etc.) used for this network. In such a WLAN,
subscriber terminals, such as personal computers,
telecommunication equipments, mobile phones, personal
digital assistants and the like, "are able to perform

communications with each other or with corresponding

e ' ' -

subscriber terminals Af Arhac oas
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LANs, WLANs, fixed or mobile telecommunication networks and

the like) via corresponding communication protocols.

The general architecture of a WLAN is commonly known and
thus described only shortly. The key elements of a WLAN' are
the subscriber terminals and access points (AP) with which
the subscriber terminal communicates over a wireless
communication interface, ©.9. radio or infrared based. An
access point covers z specific area, which is raferred to
hereinafter as a cel.. The sizz cf z cell may vzry in
dependence of the environment, nstwork Operator
specifications, number of associzted subscribers andg the
like. The AP is adapted to contreol communicaticns of the
subscriber terminals within this celi, for example, by
allocating frequency channels, estarliishing connactions for
the subscriber terminzlg, forwarding data to a destination
t2rminal and the liks. & subscriber :erminal is noyrmzlly
associated with one zaccess point, which is referred to
hereinafter as the serving AP. Furthermore, a cdistribution
network is provided to which the aclires points ars
connected. Via the distribution network, communication
connections between different ZPs or external networks

(e.g. fixed networks, mobile telecommunications networks

-t

(o] a

at

such as GSM, UMTS, ard the like) can be established
subscriber terminal. In the caze of mobile subscriber
terminéls, there is & case that = subscriber terminal’
leaves the cell of i:s serving AF. In this case, roaming is
eéxecuted. Roaming means that thre sudscriber terminal
searches an available AP whose connection quality is better
than a predetermined threshold or the like and switches the
connection to this other available AP, which becomes the
serving AP. The decision whether a roaming is to be

isi
executed is based, for example, on signal strength

o

measurements and the 13}
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WLANsS are implementoed according Lo specific standards. Ons
of these Standards is, for example, the IEEE (Institute of
Electrical and Electronics Engineers) 802.11 standard or
its respective extensions such as the IEEE 802.11h
standard, which are commonly known to persons skilled in
the art.
In the IEEE 802.11 standards, in particular MAC (MAC:
Medium Access Control) and PHY (PHYsical layer) protocols
are defined. MAC p:otocol‘is used, for example, to allow
interoperability between compatible physical layers, to
reduce a collision probability between different subscriber
terminals, and the like. Moreover, the IEEE 802.11 MAC
protocol defines bzacon frames sent at regular intervals by
the access point to allow stations to monitor the presencs
of the access 2oin=. The LIEEE 802.11 MAC protocol also
gives a set of management frames including Probe Request
frames which zre sant by a subscriber terminal and are
followad by Probe fesponse frames sent by an available
acc=ss point, to zlilow z subscriber terminal to scan
actively if there is an access point operating on a certain
channel frequency and to show to the subscriber terminal
what parameter settings this access point is using.
~Additionally, a MAC address is provided which is used as an

identification element for the respective WLAN elements.

According to the prior art, roaming of a subscriber
terminal from one AP to another AP is initialized on the
basis of specific configuration settings in the wireless
communication network. Ip accordance with these
configuration settings, a subscriber terminal will decide
on the basis of communication reception quality
measurements whether the recent reception quality is
sufficient or not. If not, a commonly known roaming

procedure will be initialjized by the subscriber terminal.



However, according to this conventional roaming procedure,

a load situation in the wireless communication network is

not considered in the decision for roaming. In other words,
a subscriber terminzl could be switched or associeted with
an AP in which the load situation is such that the !
communication connection guality is not satisfying. Thus,
in conventional wireless communicatiocn networks, tne load

is not bzlanced between the respective APs.

In document EP 1 156 623 Al, 2 wireless LAN is described in
vhich the roaming procedure is acdded by a load balzncing
AN,

function. In order to balance the load within the w1 the

nz

subscriber ts=rminal rece.ves Load information concarri
the loading status of the access poirt from access points.

PR
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considered.

However, in specific situations, there might ariss &

t

problem in that the load based roaming procedure :is no

e
L

performed in an advantageous manner. In a cellular type o

h

environment the client might be "hesitant" to selsct th
correct cell cn the basis of conventional measuremant
information. Thus, there might be a case that the
subscriber terminal has measurement information or hanc
which causes a Very easy or frequent change of ths cell,
i.e. of the serving AP. In particular in the midcie of =
transmission this causes undesired pauses to applicatiors,
€.g. data transmissions or the-like. Typically the roaming

in WLAN cells requires some time when changing from gerving

AP to the neighbor ao. In other words, the effect of sucn
fasy roaming is & "stopped" application that continues o

untidi the sionaling has beep berliormed in the roaring
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State. In particular when the subscriber terminal is
located in a densely utilized wireless network environment
(i.e. a plurality of subscriber terminals is communicating
in the respective cells) there could be a so-called "ping-
pong"” effect. In other words, the decision to change the
serving access for the subscriber Lerminal is made rather
frequently and even such that the same two APs are involved

in the roaming.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
achieve an improved lozd Salancing in a wireless

communication network.

This object is achieved, for 2xample, by a method of lcad
balancing in a wireless communication network, said
wireless communication n2twork comprising at least one
subscriber terminal adapted to establish and parform a
wireless communication connection in said wireless
communication network, a plurality of access points adapted
to control  said wireless communication connection of said
at least one subscriber terminal and to exchange
information with said at least one subscriber terminal,
wherein one of said plurality of access points is
associated with said at least one subscriber terminal, and
a load control device located outside of said subscriber
ﬁerminal, said load control device being adapﬁed to process
information related to a load in said wireless
communication network and to instruct roaming of said
subscriber terminal from said associated one of said
plurality of access points to another one of said plurality
of access points, said method comprising the steps of
receiving, in said subscriber terminal, access point status

information determined in saig plurality of access points,
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determining communication status information related to
said plurality of access points, and processing said
rece_ved access. point status information and said
communication status information in order to obtain roaming
suppcrt information, processing, in said load control
device, said roaming support information by an accsass poin%
relatzd load bhasced roaming anélysis znd deciding, on the
basiz of a result of said access point related load based
roaming analysis, whether said subscriber terminal is to be
associated with another one of said plurality of access
points, and if so, initializing roaming of said subscriber
term-nal to said another one of said plurality of access

points in szid wireless commurication network.

Furtrermore, this object is achieved, for example, v a

systsm fcr load balancing in & wirelsss communica:ion
netwcrk, said wireless communication network comprising &t

least one subscriber terminal adapted to establish and
pericrm & wireless communication connection in said
wire_sss communication netword, and & plurality of access
points adapted to control said wireless communication
connsction of said at least one subscriber terminal and to
exchenge information with said at least one subscriber
terminal, wherein one of said plurality of access points 1is
asscclated with said at least oné subscriber terminal, said
system comprising access point load status monitoring means
locazed in each one of said plurality of access points and
adaptasd to measure & traffic load of an access peoint and to
transmit access point status information, roaming support
means located in seid subscriber terminal and adapted to
receive said access point status information from said
plurzlity of access points, to determine communication

's information related to said plurality of access

-+
—~

ta

0

d reccived access point status

[N

pOInTs, YO process sa

informatsoi, and cald Communicoarlon SiLatus informevion in

Qe Lo obtain Yo&RINg cuppors informavion, and to
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transmit said roaming zupport intformation, and a load
control device located outside of said subscriber terminal,
said load control device being adapted to process said
roaming support informetion by an access point related load
based roaming analysis, to decide, on the basis of a result
of said access point related load based roaming analysis,
whether said subscriber terminal is to be associated with
another one of said plurality of access points, and to
initialize roaming of said subscriber terminal from said
associated one to said another one of said plurality of

access points in said wireless communication network.

Morecover, this object is achieved, for example, by a lced
control device for load balancing in a wireless
communication network, said wireless communication netwerk
comprising at least ons subscriber terminal adaptad to
establish and perform z wireless communication connection
in said wireless communication network, and a plurality of
access poinﬁs adapted to control said wireless
communication connection of said at least one subscriber
terminal and to exchange information with said at least one
subscriber terminal, wharein one of said plurality of
access points is associated with said at least one
subscriber terminal, wherein said load control device is
located outside of said subscriber terminal and adapted to
process roaming support information, received from a
subscriber terminal and derived by said subscriber terminal
from access point status information of said plurality
access points, by an access point related load based
}oaming analysis, to decide, on the basis of a result of
said access point related load based roaming analysis,
whether said subscriber terminal is to be associated with
another one of said plurality of access points, and to
initialize roaming of said subscriber terminal from said
associated one to said another one of said plurality of

access points in said wireless communication network.



Furthermore, this object is achieved, for example, by an
access point usable in a wireless communication network,
said wireless communication network comprising at least one
subscriber terminal adapted to establish and perform a
wireless communication connection in said wireless
communication network and further access points, said
access point being adapted to control said wireless
communication connecticn of said at least one subscriber
terminal and to exchangs iniormetion with szid at least one
subscriber tesrminal, whsasrein said access point comprises
access point load status mornitoring means adapted to
measure 2 trzffic load of ar acczss point and to transmit
access point status information, and a load control device

as defir=d4 zhove.

Moreover, this object is achieved, for example, by a
network element usable in a wireless communication network,
said wiresless communication network comprising at least one
subscriker terminal adapted Zo establish and perform a
wireless communication connection in said wireless
communication network, and a‘plu:ality of access points
adapted to control said wireless communication connection
of said at least one subscriber terminal and to exchange
information with said at lezst one subscribsr terminal,
wherein one of said pluralitv of access peoints is
associatad with said at least one subscriber terminal,
wherein said network element is separated Irom andg
connected to said plurality of access points and comprises

a load control device as defined above.

Furthermcre, this object is achieved, for example, by a
subscriber terminal usable in a wireless communication

network, said wireless communicetion networh Comprising =

$osi

(GRS

pluretity of acceus pointe zdaptsd to control & wirg

communication connection of said subscriber torminal and to
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exchange information with said subscriber terminal, wherein
one of said plurality of access points is associated with
said subscriber terminal, said subscriber terminal
comprising roaming support means adapzed to receive access
point status information from said plurality of access
points, to determine communication status information
related to said plurélity of access points, to process said
‘received access point status information and said
communication status information in order to obtain roaming
support information, and to transmit said roaming support
infcrmation to a load control device zs defined above,
wherein said subscriber terminal performs, in response to
an Instruction from said load control device, roaming Irom
said associated one to another one of said plurality of
Acc2ss points in said wireless communication network, szid
ancther one of said plurality of access points is indicated

in said instruction from said load control device.

Morsover, this object is achieved, for example, by a
“omputer program product-usabls for & data processing
apparatus, comprising software code pcrtions for perforaing
the steps of the method of load balancing defined above

when said product is run on said data Drocessing apparatus.

Advantageous further developments of the present invention

are as set out in the respective deperdent claims.

The present invention is particularly useful to balance the
load situation in wireless communication networks in such &
manner that a subscriber terminal may perform a roaming to
another AP in order to achieve a better data throughput
even if the signal strength situation would not require
such a change of the serving AP. Thus, the capacity of APs
available for the subscriber terminal is used in an

improved manner. Furthermore, a so-called ping-pong effact
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during a roaming procedure for a subscriber termiral can be

suppressed.

Load balancing according to the present invention is
useful, for example, in a WLAN environment, e.g. according
to the IEEE 202.11 standard énd'its extensions, such as
IEEE 802.11h.

The access p:int status information may comprise an access
point identification elemert, such as a MAC address ard an
access point load status irndicator, which is determined feor
each access point and defires a load situation for the

access point.

‘M

Communicaticrn status information determined, for exampl

1

‘N

m

1('\

in the subscriber terminel may comprise a received si

‘_,

strength indicator RSSI indicating the received signa
strength for communications between access points and said
nce

subscriber terminal. Furthermore, a carrier to interfe

3

ren
ratioc C/I per each access point may be determined for the

of

communicaticn status information. Additionally, & =erminal
transmit power status may be determined for the

communication status information.

The roaming support informetion may be obtained in the
subscriber tsrminal by procsssing the received access poin:
status information and the communication status
information. It may comprise statistics (tables or lists)
of access pecint related communication status and lcad
information derived or measured from the received zccess
point status information, such as RSSI statistics, C/I
statistics, .oad status iniormation, AP/client trarsmit
power status statistics ang the like, which are allocated
Lo the respesitive access points by the an access poing

identification elemnent.
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The roaming support information may be processed in the
access point related load based roaming analysis by using a
hand-off algorithm. Thereby, load and connection quality
situations are calculated for the connections between the
subscriber termlnal and the available access points on the
basis of the roaming support information. Thus, an optlmal
access point for being associated with the subscriber
terminal can be determined on the basis of the respective

load and connection quality situations.

Furthermore, processing parameters used in the access point
related load based roaming analysis, for example in th=s
hand-off algorithm, which are derived from the roaming
support information, may be differently weighted. For
example, parameters associated with a cennecticon quality
situation are provided with a higher priority than
pa:ameteré associated with the load situation. Thus,
operator specific settings Zor roaming and load balancing

are rDurtner improved.

The load control functionality may be provided in different
sites. For example, the access points may comprise'the loac
control functionality Alternatively, the load control may
be located in a specific network element separated from the
access peoints, wherein this network element is connected
with the access points in the wireless communication

network.

Bs a further refinement, access peint internal monitoring
information determined in the access points may be used for
the load control. The load control functionality
determines, for example, access points which are available
for said subscriber terminal, e.g. by comparing the access
point identification elements in the roaming support

information, and selects only the access point internal
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monitoring information of such available access points.
Then the load control processes the roaming support
information and the selected zccess point internal
monitoring information by means of an enhanced access point
related load based roaming analysis. On the basis of a
result of the enhanced access point related load based
roaming analysis, it is decided whether the subscriber
terminal is to be associated with another access point. If
this is the case roaming of the subscriber terminzl to this
other access point in said wirasless communication network

1s initialized.

The access point internal moritoring information determined
by the access points comprises, Ifor example, a re
rate to associeted subscriber terminals, back-off windows,
and/or & net ailocation vecter for the access coint. By
means of this, external‘interference statisticé can be
considered in the enhanced access point related load based
roaming analysis which in turn improves decisions for
roaming and load balancing in the wireless communication

network.

Similarly to the access point related load based roaming
analysis defined above, in the enhanced access point
related load based roaming analysis processing, parameters
used therein and derived from the reaming support
information and the selected access point internal
monitoring information may be differently weighzed..Thus,
operator specific settings for roaming and load balancing

are further improved.

Preferred embodiments of the invention are described hereir
below in detail by way of erxample with reference to the
accompanying drawvinas.

BRIEF DESCRIPTION OF THE DRAKINGS
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Fig. 1 shows a schematic diagram of a WLAN network

according to a first embodiment of the present invention.

Fig. 2 shows a block circuit diagram of a load balanc1ng

<

System according to the first embodiment.

Fig. 3 shows a flowchart of a load balancing method

according to the first embodiment.

schematic diagram of a WLAN nstwork

V1)

Fig. 4 shows
second embodiment of the presant invention.

fu

according to

Fig. 5 shows 2 block circuit diagram of a loed balancing

system according to the second embodiment.

" Figs. 6 and 7 shows a flowchartAof 2 load balancing methoc

according to the second embodiment.

DESCRIPTION OF PREFERRED EMBODIMENTS

A first embodiment of the present invention is described

with reference to Figs. 1, 2 and 3.

Referring to Tig. 1, a wireless communication netwerk such
as a WLAN comprises several access points AP., AP2, AP3 as
communication control elements. Furthermore, in the axampis
shown, a backbone network is provided which serves &s a
distribution network for connecting the APs to one another
and to external destination points such as other WLiANs or
fixed networks. For connecting the APs to the backbone
network, commonly known input/output (I/0) irterfaces are

used.



Each of the APs defines a cell:zt & specific size
(indicated by the circles surrounding the APs). Subscriber
terminals T1l, T2, T2 within the network may be associated
(connected) with one AP (serving AP, in whose cell they are
located. In the ‘present example, as the starting situation,
subscriber terminal Tl is associated with AP1, T2 is '

associated with AP2, and T3 is associated with AP3.

Irrespective of its specific type (z.g. personal computer,
mobile phone and the like) a subscriber terminal comprises
several means (not shown) which are required for its
communication functicnzlity and which are known to those
skilled in the art. Such means are Zor example a processor
for executing instructions end proczssing data for the
communication connection (e.J. transmission content and
signaling related date), memdry means for storing
instructions and date, for éarving gs a work area of the
processor and the like (e.g. ROM, R4M, EEPROM, "and the

ike), input means for inputting datz and instructions by

—

soitware (e.g. floppy diék, CD-ROM, EZEPROM, and the like),
user interface means for providing monitor and manipulation
possibilities to a ussr (e.g. a scre=n, a keyboard, a
microphone and headset for communicztion, and the like),
and network interface means for estzblishing a
communication connection under the control of the processor
e.g. nd wir 2less interface means, z=n antenna, and th=
like). These means c¢zn pe integrated within one device
(e.g. 1in case of a mobile telephone! or in several devices

forming the subscriber terminal (e.c. in case of a perscnel

computer) .

Similarly, an access point comprises several means (not

hown) which are required for its coumunication

functionality. and which are known t¢ those skilled in

E e bR

~

oy ERWEN DI IS e <y oz - ~ e ooy N A R T
a1 . Such means a0 { examuple & WACEES0OYr 10 eMxocutana
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instructions and processing data for the communication
connection (e.g. transmission forwarding and signaling
related data), memory means for storing instructions and
data, for serving as a work area of the processor and the
like (e.g. ROM, RAM, EEPROM, and the like), input means for
inputting data and instructions by software (e.g. floppy
disk, CD-ROM, EEPROM, and the like), user interface means
for providing monitor and manipulation possibilities to a
user (e.g. a screen, a keyboard, and the like), network
interface means for establishing a communication connection
with subscriber terminals under the control of the
processor (e.g. and wireless intarface means, an antenna,
and the like), distribution netwcrk interface means for
communicating via the backbcne network with other APs under

the control of the processor, and the like. Besides a

e o ay

dedicated communication connecticn with an associzted
subscriber terminal, the AP is adapted to transmit
signaling data within its cell, which enables to detesrmine
ted to this AP. This may

Q

connection quality information rel
be periormed by means of a beacon frame, which is sent

permanently or in specific interwvals.

In the WLAN depicted in Fig. 1, a2 subscriber terminal
receives this signaling data from those APs in whose cells
it is located. This means, Tl receives signaling data from
APl, AP2, AP3, T2 receives signaling data from APl, AP2,
and T3 receives signaling data from AP1, AP3. On the other
hand, the subscriber terminal sends data to its respective
serving AP. The signaling data may be used to determine the
connection quality situation for the subscriber terminal,
i.e. whether there is an AP other than the current serving
AP, which provides a better communication situation. In
such a case, the subscriber terminal initializes a roaming
procedure in order to associate with the other AP, as known

in the prior art and described, for example, in connection
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with the respective standards of wireless communication

networks.

Additional to this "normal" roaming procedure, according to
the present embodiment, there is provided a further
functionality which is adapted to initialize & roéming )
procedure on the basis of a load situation in the WLAN,
i.e. to perform a load balancing. For this purpose, the
signaling deta comprises load informetion determined in the
APs, which is associated with an identification element

identifying the sending AP.

Referring to Figs. 2 and 3, a roaminc based on a load
g C C

palancing functionality is described in further detail.

ircuit diegram ci 2 lcad balencing

O
r

In Fig. Z, & block
system in the WLAN according to the Iirst embodimen:t is
shown. In Fig. 3, a flow chart illustrating a method for

load belancing in a wireless communicztion network is

illustrated.

For the sake of simplicity, in Fig. 2, only one subscriber
terminal T1 is illustrated for which load balancing, i.e. a
roaming decision, is to be made. However, the procedur=s
described below 1is appliceble for a plurality of subscriber

terminals in perallel.

According to Fig. 2, the APs comprise an access point load
status monitoring means (APLSM) 11, 12, 13 which is adzpted
to determine a traffic load in the respective AP1l, AP2, and
AP3. Furthermore, a load control device (LC) 21, 22, 23 is
comprised in the APs which 1s adapted to perform a loac

ased roaming analysis which is related tco access point

o

I¢ information and to initialice a roaming procedure

"

.pe('

of the subscribe: ferminal. The loed contiol device 21 is
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activated for a subscriber terminal Tl, which 13 asscclated

with the APl, i.e. for which the AP is the serving AF
(indicated by the dotted boxes of LC 22 and 23). On the
other nand, the subscriber terminal T1 comprises a.rcaming
support means 30, which is adapted to process data and
generate information, which are used in connection with the

load balancing.

The traffic load situation may be determined in the A2 as
follows. The AP knows the number of clients associated, for
example, by checking a list of identification elements
stered for associated subscriber terminals, e.qg.
corresponding MAC addresses thereof. Additionally,
simultaneous traffic of the associated subscriber terminals
1s monitored. The traffic-based estimation could have also
some timing window which is observed over certain period of
transmit samples. This is used as an indicator for ths

e

traffic load, e.qg. in the form "transmit samples = traffic
g p

a parameter Zor

9]

lozd". This could be averaged and used a

the load information.

The load information is transmitted by the APs, for
example, in form of an AP status information (APST),; which
may be included in the beacon frame sent by the APs. This
means that all subscriber terminals, which are in rangs of
the APs can receive this load information by the reguizrly
transmitted signaling information from the APs. The ASST
further includes an information element (e.g. MAC addrsss)
of the sending AP in order to enable an allocation of the
load information to the corresponding AP. Furthermore, in
case of, e.g;, a 802.11h WLAN, also dynamic frequency
selection (DFS) and transmit pbwer control (TPC)

information may be included in the signaling information

(APST) from the APs.
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The subscriber terminal may perform measurements of the

communication connection quality during a silent period. In
the present example, the roaming support means 30 of the
subscriber terminal T1 receives APST from APl, AP2, and AP3
via the wireless communication interfacs (step S10 in Fig.
3). The roaming support means 30 performs a processing of |
the received information in order to generate roaming
support information (RSUP, step S20 in Fig. 3). In this
prccessing, for example, a statistic (or table or list) of
the load situation of the available (i.e. received) APs is
formed. Furthermore, for all available APs, a received
signal strength indicator (RSSI) measurement, which is
commonly knowr for those skilled in the art, 1is executed in
the subscrirer terminal, e.g. by means of its processor.
The RSSI mzasurements and load information determinaticn
are allocated to the received APs by mezns of the MAC
addresses oi the APs and stétistics (tebles or lists)

thereof are formed.

it
1

Additionally, a carrier to interference ratio (C/I) for
communicaticn connection between each client (i.e. the
subscriber terminal T1) and the available APs (i.e. per
each cell) may be calculated by the subscriber termina_. Tl
on the basis of the received signaling information. Thz C/I
can be used as an indicetor for the connection guality with

a specific APF.

As an optional further information, a terminal transmit
power status can be determined on the subscriber terminal
side. This is useful in the case of a static power control.
However, in IEEE 802.11h based networks, an AP controlled
transmit power for the subscriber terminals is used, i.=.

where transmit power step status is available.
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Moreover, the APST may comprise load information indicating
the load status of the subscriber terminal itself. This
means, the subscriber terminal measures, e.g. in a
predetermined period of time, the amount of transmitted

data and forms a corresponding statistic.

The roaming support means 30 may collect and determine
these information (APST) for a predetermined period of time
and form the roaming support information RSUP on the basis
of these collected information. For this purpose, the
information and processihg results can be stored in a
corresponding memory of the subscriber terminal. However,
also other criteria for stopping the formation of the RSUP
are possible, for example an instruction from the user, an

indication from the serving AP or the like.

When the formation of the R3UP is finished (e.g. after the

T
L

edetermined period of time), the rcaming support means 30
‘s the RSUP via the interface means of the subscriber
1

load control

I

T1 to the serving APl, i.e. to th
device 21 of the serving APl (step S30 in Fig. 3). The load

control device 21 processes the received RSUP in order to

1]

perform an AP related load based roaming analysis (step S40

in Fig. 3).

In cetail, the load control device 21 determines ffom the
RSSi list included .in the RSUP the APs, which are suitable
to pe a candidate for a roaming of the subscriber terminal
Tl, i.e. which APs provide a sufficient signal strength.
For example, the RSSI has to reach a predetermined
thresheld. From the load information related to the
available APs, the load control device 21 can directly
determine which capacity the respective available APs have.
The load control device may comprise a dynamically
adjustable threshold value for each AP of the WLAN which
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indicates an "overload" situation. This means, it is

determined how many simultaneous users are allowed and how
low a throughput rate for the AP may be decreased. When a
transmit power status is included in the RSUP, it is
possible to determine whether the available APs, i.e. the
cells thereof, are "equal" cells. This means, it is ,
determined whether the subscriber terminal transmit power
is in suitable level for the respective AP to receive the
transmission. it is to be noted that the transmit power may
differ from cell to c211, depending on the network
planning. Furthermore, the C/I statistics included in the
RSUP can be used to determine signaling quelity for ths

cells.

21) infeormaticn included in the RSUF is related o the &Ps
by means oi the information elemants (MAC addres ses} Thus,
it is possible to exactly determine the communicati znd
load situations for each -of the APl, AP2, and AP3.

the

The AP related load based roaming analysis executed irn
load control device 21 uses, for example, & hancd-off
algorithm whose parameters are derived from the RSUP
information (i.e., for example, RSSI, C/I, load
informetion, transmit power status). The processor of the
(serving) AP mey be used for the.calculation of the hand-
off algorithm. The structure of such a hand-oif algorizh
is manufacturer dependent and depends/ for example, orn the
network structure, settings for minimal signaling
requirements and the like. The hand-off algorithm usec for
the AP related load based roaming analysis according tc the
present example 1s similar to those conventionally usec and
known for those skilled in the art. It is to be noted that

existing and even future hand-off

e

algorithms can be ezsi

IRY
d in the art so that the concert of

tohy

(Tl

adapted by those skill

Y

the proposed load balancing functionality (i.e. the
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related load based roaming analysis) can be implemented. It
is obvious for a skilled nerson how to use the derived
parameters within these manufacturer specific hand-off

algorithms so that the desired result is obtained.

Furthermore, it is possible that the parameters derived
from the RSUP information are differently weighted. This
means that the different status information, such as RSSI,
C/I, load information and the like, can be prioritized. For
example, the parameter related to.the load information is
weighted higher (has =z higher priority) than the parameter
related to the C/I, in particular when it is decided that
an AP 1is "overloaded". Thus, it is possible to use a
"backdoor" in the roaming decision, i.e. to force a roaming
to an AP even if the signal quality is not sufficisnt in
normal cases. Additionellv, the weighting can be set
flexibly, for exampl= on the basis of the overall traffic
situation. For example, when the load situation of tha AP
is critical (traffic load is above a predstermined
threshold), the parameter related to tha load information
is provided with a higher priority by the load control
device 21 than in cases with a lower traffic¢ load. Thus, it

is possible to flexibly set the criteria for the decision

for a roaming.

It is to be noted that the above described weightings are
only an example and adjustable by an operator according to

his/her choices.

Alternatively, for calculating the hand-off algorithm, the
load control device 21 may use load information directly
received from the serving AP load information. Thus, the
most current load information can be used at least for the

serving AP in the AP related load based roaming analysis.
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On the basis of the results of the hand-off algorithm, the

1oad control device 21 decides whether a roaming procedure
is to be initialized for the subscriber terminal Tl (step
S50 in Fig. 3) This means, the load control device
determines whether an AP is available for the subscriber
terminal T1 which provides sufficient communication
connection guality and has less traffic load than the
present serving APl. }f this is not the case (NO), the

serving APl is maintained and the load balancing procedure

is repeated.

On the other hand, when the lcad control device 21 decides

+hat there is a "better" AP, a roaming procedure is

initialized. For this purpossz, the load control device 21
determines the target AP, which results IZrom the AP related

loac based roamin: analysis on the basis «f the MAC. address
inciuded in the R3UP. Then, an instruction (ROAMING)
indicaﬁing that & roaming to the determined new AP (for
example AP2) is to be performed is sent via the serving API
to the supscriber terminel T1 (step SE0 in Fig. 3). When
receiving this recaming instruction, the subscriber terminal
T1 executes the roaming to the indicated AP2 in the known
manner (step S70 in Fig. 3). Thereafter, the load balancing

procedure is repeated in connection with the load control

device 22 of AP2 as the new serving AP.

Nex®, as an exemplary situation, a locad balancing procedure
according to the first embodiment 1is described with

i
reference to Fig. 1.

subscriber terminals T2 and T3 receive signaling
information from two APs while subscriber terminal T1

'es signaling information from all 3 APs. The

4
)]
0
1]
-
—

o)

cubscriber terminals send thelr RSUP to their respectiv
1 v— ey e gy ey e 2 no
Uil IT¢r Y Ml

serving AP, The _oad conurol device O
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processes this RSUP and decides for a roaming of the

subscriber terminal in a centralized manner. When, ror
example, C/I statistics are used the following situation
may occur. Whén it is determined that APl is "overloaded".
T1 measures the AP1, AP2 and AP3 and forms a statistical
database of measurements in form of the RSUP. Since APl is
ovefloaded, the analysis of the measurement shows that AP2
is less loaded. Thus, as a preliminary result, AP2 could be
used as a target AP for the roaming. However, in this
exzmple, AP2 has too close channels, i.e. it is not clean.
The C/I statistics shows that neighbor C/I criteria 1s not
fulfilled. On the other hand, the analysis shows that AP3
is zlso overloaded as well. Then the selection for the

roaming is to use -an "unclean" channel in APZ2.

Ths load balancing functionality can be implemented, for
example, by software code potions, which are loaded into
ths respective network elements (subscriber terminal,
access point) by means of its reading means and its
memories. The access points are able to receive the
additional information RSUP from the subscriber terminals

and to forward it to the load control device.

Next,, a second embodiment will be described with reference

to Figs. 4 to 7.

It is to be noted that some of the means, functionzlity and
procedures of the second embodiment are parallel to
‘corresponding means, functionality and procedures cf the
first embodiment. Thus, a repetition of a detailed

description thereof is omitted.

Fig. 4 shows a wireless communication network such as a
WLAN comprising several access points APl, AP2, AP3 as

communication control elements, a backbone network as a
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distribution network for connecting the APs to one another

and to external destination points such as other WLANs or

fixed networks. Furthermore, a separate network element 100
is provided which comprises a load_control device (LC) 110.
The separate network element 100 is connected to the access

points by the backbone network for exchanging data.

Subscriber terminals T1, T2, T2 located in cells deiined by
the access points APl, AP2, AP3 may be associated
(connected) with one AP (serving AP). In thz presert
exemple, as the starting situation, subscriber terminal 71
is associated with AP1l, T2 is associated with'APZ, and T3

is zsscciated with AP3.

The basic elements of the subscriber terminals and the
access points are similar to those describsd in the First
embodiment. The separate network element 100 may heve a
similar structure like an access point, anc¢ comprise (not
shown) at least a processor, memory means, input means,

reading means, interface means and the 1ik

W

In the WLAN depicted in Fig. 4, a subscriber termiral
receives signaling data from those APs in wiose cells it 1is
located. This means, T1 receives signaling data from API,
AP2, AP3, T2 receives signaling data from A”l, AP2, and T3

A

reczives signaling data from AFi, AF3. The signalirg oata

may be used to determine the connection quality situation
for the subscriber terminal, i.e. whether thesre is an AP
other than the current serving AP, which provides & better
communication situation. The signaling data comprises load
information determined in the APs, which is associeted with

an identification element identifying the sending EP.

, the subscriber terminal sznds dete bacad

0.

On the other han

S

M

rving

gl
8

on the received signaling data 1o dts lespectldv

{
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rhe

o

data to network element 100.

adapted to send separate

monitoring information to the network element 100.

The network element 100
the subscriber terminal
the subscriber terminal
serving AP.

Referring to Figs. 5 to

balancing functionality

processes the forwarded data from
and may send a processing result to

via the backbone network and the

7, a roaming based on a load

is described in further detail.

In Fig. 5, a block circuit diagram of a load balancing

system in the WLAN according to the second embodiment is

shown. In Figs.
for load balancing in a

illustrated.

6 and 7, a flow chart illus:irating a method

wireless communication network is

For the seke of simplicity, in Fig. 5, only one subscriber

]

Ui

terminal T1 is iltu

roaming decision, 1s to

trat

ed for which load balancizg, i.e. &

be made. However, the procedure

described below is applicable for a plurality of subscriber

terminals in parallel.

According to Fig. 5, the APs comprise an access point load

status monitoring means

(APLSM) 111, 112, 113, which is

adapted to determine a traffic lcad in the respective AFi,

AP2, and AP3.

Furthermore, the access points comprise an

access point internal monitoring means (APIM) 211, 212,

213, which is adapted to measure an external interference,

to form a statistic thereof and to sent the statistic, for

example, in the form of

access point internal monitoring

information (APIM) directly to the load control device 110.

The external interference of the AP may be causecd by

another AP in the network, by another non-WLAN system, such
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as a Bluetooth client/AP or the like. This external
interference may be determined, for example, or. the basis
of measurements of retransmit rates of the AP, monitoring
results of back-off windows for each subscriber terminal
associated with thé respective AP, determinaticn of net
allocation vector (NAV) lists for possible hidczn
subscriber terminals, and the like. This means, the APIM
includes information concerning an external intsrference of
the AP itself which can not be determined by measureménts
in the subscriber terminal T1. Of course, the LZIM can be

identified to belong to a specific AP, e.g. by including

the MAC address of the AP.

On ths other hand, the subscriber terminal T1 comprises a
roaming supgort means 110, which is adapte

informarion which are used in conr=ction with

th

and generat
the load balancing.

&
The network element 100 comprises the load control device
110 which. is adapted to perform an enhanced lozZ based

1
roaming analysis which is relatad ¢ access polnt £pd
f

information and to initialize a roaming procedure

the separate network element 100 is in charge c¢I &ll the
APs connected thereto and supporting the load t:=lencing (in

oy

ent example AP1l, AFZ, API).

m

(

the pre

The traffic load situation may be determined i- the AP by
the mpLSM 111, 112, 113 as described in connection with the
first embodiment and sent to the roaming suppori means 300
of the subscfiber terminal T1 in range by means of load
information included in access point status inZormation
(APST). The AFST further includes an informaticn element
(e.g. MAC address) of the sending AP in order o> enable an

allocation ¢i the load informetion to the col - aponding B
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Furthermore, in case of, e.q., 4 8502.11h WLAN, also dynamic
frequency selection (DFS) and transmit power ‘control (TPC)
information may be included in the signaling informatior

(APST) from the APs.

The subscriber terminal Tl may perform measurements of tne
communication connection quality during a silent period. In
the present example, the roaming support means 300 of thre
subscriber terminal Tl receives APST from AP1l, AP2, and AP3
(step S110 in Fig. 6). The roaming support means 300
performs a processing of the received information in orcer

to generate roaming support information (step S$120 in Fig.

}--

6). In this processing, for example, a statiétic (or list)
of the load situation of the available (i.e. received) RAPs,
a received signal strength indicator (RSSI) measursment ad
the like is formed. The RSSI measurements and load
information determination are allocated to the recsived AFs

by means of the MAC addresses of the APs.

Additiocnally, statistics related to a caerrier to
interference ratio (C/I), a terminal transmit power stactus,
load information indicating the load status of the
subscriber terminal itself may be formed in the roaming

support means 300.

The roaming support means 300 may collect and determine
these information for a predetermined period of time and
form the RSUP on the basis of these collected information.
For this purpose, the information and processing results
can be stored in a corresponding memory of the subscriber
terminal. However, also other criteria for stopping the
formation of the RSUP aré possible, for example an

instruction from the user, an indication from the serving

AP or the 1like.
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When the formation of the RSUP ;L finished (e.g. after the
predetermined peridd of time), the roaming support means
300 sends the RSUP via the serving APl and the backbone
network to the load control device 110 of the network
element 100 (step S130 in Fig. 6). It is to be noted, that
for the sake of simplicity, in Fig. 5, data exchange
between the subscriber terminal Tl and the network elemen%
100 is shown to be direct. However, in practice,

transmission there between is performed via the serving AP

of the subscriber terminal and the backbone network.

Thus, steps S110, S120, and 5130 are similar tc steps S10,

320 and S30 of the first embodiment except that the

information azre sent to the locad contreol device 10 in the

separate networl element 100.

In parallel to the APST and RSUP related measur:s, the
access point internal monitoring means 211, 212, 213 of
AP1, AP2, and AP3, respectively, determine the information
related to the external interference and send corresponding
LPIM to ths loacd control device 110 (step $1¢9 in Fig. 6).
Preferably, the determination and transmission of the APIM
in the BPs is executed in correspondence (synchronously)
with the determination and transmissionr of the XSUP in the
subscribér terminals, i.e., for example, in predetermined

time periods.

Next, the load control device 110 determines ard selects

-

those APIM, which are sent from APs being available for the

subscriber terminal T1. This can be achileved, for example,
by comparing the MAC addresses included in the RSUP and the
APiM so that only BPIM of those APs are considerad for a
further processing which are also received by the

cubscriber terminal T1 (step S150 in Fig. 6).



WO 2004/004227 } PCT/IB2002/002312

- 29 -
The load control device 110 now processes the RSUP from the
subscriber terminal Tl and the selected APIM from the
access points APl, AP2, AP3 in order to perform an enhanced
AP related load based roaming analysis (step S160 in Fig.

6) .

In detail, the load control device 110 determinés from the
RSST list included in the RSUP the APs, which are suitable
to be a candidate for a roaming of the subscriber terminal
T1l, i.e. which APs provide a sufficient signal strength.
For example, the RSSI has to reach a predetermined
threshold. From the load information related to the
available APs, the load control device 110 can directly
determine which capacity the respective available APs have.
The load control device may comprise a dynamically
adjustable threshold value for each AP of the WLAN, which
indicates an "overload" situation. This "overload threshold
value may be transmitted dirsctly from the APs, e.g. by
means of the APIM. When a transmit power status is included
in the RSUP, it is possible to determihe whzther tne
available APs, i.e. the cells thereof, are "equal"” cells.
Furthermore, the C/I statistics included in the RSUP can be
used to determine signaling quality for the cells. All
information included in the RSUP are related to the APs by
means of the information elements (MAC addresses). Thus, it
is possible to exactly determine the communication and load
situations for each of the ZP1l, AP2, and AF3. Adcitionally,
the load control device 110 determines from the APIM
whether an AP is subjected to an external interference,
which may influence the connection quality to a subscriber

terminal.

The enhanced AP related load based roaming analysis
executed in the load control device 110 uses, for example,

an adapted hand-off algorithm whose parameters are derived
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from the RSUP information (i.e., for example, RSSI, C/I,
lozd information, transmit power status) and the APIM
information (i.e., for example, retransmit rate, back-off
window, and the like). The processor of the (serving) AP
may be used for the calculation of the adapted hand-off
algorithm. The structure of such a hand-off algorithm is
manufacturer depsndent and depends, for example, on the
network structure, settings for minimal signaling
requiremenfs and the like. The hand-off algorithm used for
the ennanced AP rzlated load basad roaming enalysis
according to the present example is similar to those
conventionally used and known for those skilled in the art.

)

algoritnms can bs easily adaptzd by those skilled in the
1S

art so that the concept of the roposed lcad balancing

Cfurcticnality (i.2. the enhanced AP releted load based
roaming analysis} can be implemented. It is obvious for a
skilled person how to use the derived parameters within
these manufacturer specific hand-off algorithms so that the

desired rssult 1is obtained.

rerthermore, it is possible that the parameters derived

from the RSUP information and the APIM information is

-t

ferently weighted. This mezans that the different status
Y g

i

o}

information and/cr interference information, such as RSSI,
C/I, load informztion, retransmit rates and the like, can
be prioritized. ror example, the parameter related to the
ldad information is weighted higher (has & higher priority)
than the parameter related to the C/I, in particular when
it is decided thet an AP is "overloaded". On the other
hand, parameters related to an external interference are
weighted higher than parameters related to a received
signal strength. Thus, it is possible to use a "backdoor”
in the roaming decision, i.e. to force a roaming to an AP

cven iLf the gignal quality iz not suiriclent in norine:
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cases. Additionally, the weighting can be sef flexibly, for
example on the basis of the overall traffic situation. For
example, when the load situation of the AP is critical
(traffic load is above & predetermined threshold), the
parameter related to the load information is provided with
a higher priority by the load contrel device 110 than in
cases with a lower traffic load. Thus, it is possible to

flexibly set the criteria for the decision for a roaming.

It is to be noted that :the above described wsightings are
only an example and adjustable by an operator according to

his/her choices.

On the basis of the results of the hand-off algorithm, the
load control device 110 decides whether a roaming procedure
is to be initialized for the subscriber terminal T1 {step
$170 in Fig. 7) This means, the load control device 110
determines whether an AP is available for the subscriber
terminal T1 which providss sufficient communication
connaction quality and has less traffic load than the
present serving APl. If this is not the case (NO), the
serving APl is maintainad and the load balancing procedure

is repeated.

On the other hand, when the load control device 110 decides
that there is a "better" AP, a roaming procedure 1is
initialized. For this purpose, the load control device 110
determines the target AP, which results from the enhanced
AP related load based roaming analysis on the basis of the
MAC addréss included in the RSUP and the APIM. Then, an
instruction (ROAMING) indicating that a roaming to the
determined new AP (for example AP2) 1is to be performed is
sent via the serving APl to the subscriber terminal T1
(step S180 in Fig. 7). When receiving this roaming

instruction, the subscriber terminal T1 executes the
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roaming to the indiceted AP2 in the known manner (step S190

in Fig. 7). Thereafter, the load balancing procedure 1is
repeated in connection with the new serving AP2 and the

load control device 110 of the network element 100.

Next, as an exemplary situation, a load balancing procsdure
?

according to the first embodiment is described with

reference to Fig. 4.

Subscriber terminels T2 and T3 receive signaling
information from two APs while subscriber terminal T1
receives signaling information from all 3 APs. The
subscriber terminals send their RSUP to their respective
serving AP. The serving APs forward the R30UF to the lcad
control device 110 irn the separate network element 100C.
tddicionally, the APz send ths APIM ToO ths load control
device 110. When a rcaming decision for subscriber terminal
T1 is to be made, tha load control device 110 selects all

received APIM for the further processing. The load control

device 110 processes the RSUP and APIM anc decides fer a
roaming of the subscriber terminal in & c=ntralized manner.

For example, there might be a situation that it 1is
determined that APl is "overloaded", and the enhanced

analysis of the measurement shows that AP2 and AP3 ar:z less

~ v

loadad. Both AP2 and AP3 have a sufficient C/I. Further,
AP2 has a better RSSI statistic than AP3. However, AP. is
subjected to external interference, which is derived Irom
+he APIM. Thus, the load control dévice 110 decides trnzat

the subscriber terminal T1 has to perform a roaming tc AP3.

The load balancing functionality can be implemented, for
example, by software code potions, which are lcaded inte
the respective network elements. (subscriber terminal,

asccess point, network element) by means of its reading

and its memories. The access pointy are able to

meais
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receive the additional information R3UP from the subscriber

terminals and to forward it to the load control device.

Since the load control device is implemented in a fixed
network element (AP or separate network element) there can
be used more sophisticated processing measures (e.g. hand-
off algorithms) and greater storing capacities in
comparison to the rather restricted capabilities of a

(mobile) subscriber terminal.

It is to be noted that features of one of the embodiments
described above are also adaptable in the other embodiment.
For example, the load control device in the first |
embodiment may be located in a separate network element
connected to the APs by the backbone nstwork. Fﬁrtherﬁore,
in thes second embodiment, the load control device may te
located in each of the APs. Then, the APs are adapted 2o
receive the APIM from the other APs.

Moreovear, even though the above description is relatec to =z
WLAN, the present invention is also applicable to other

wireless network types, such as mobile telecommunication

networks and the like.

The load balancing functionality-can be implemented in
existing systems even if there are network elements
(subscriber terminals, access points), which do not suppoz<
the load balancing functionality. In such a case, as for
example described in the IEEE 802.11 stgndard, information
concerning the load balancing can be ignored by those
network elements which do not understand this information,
and a normal roaming procedure not based on load

information is performed.
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As described above, by using a load balancing functionality
in an access point (i.e. serving access point) or in a
separate network element Connected to the access points of
the wireless communication network, measurements of &
subscriber terminal are processed in a centralized manner.
Thus, the load balancing functionality can consider load
information from a plurality of access points and also frdm
a plurality of subscriber terminals. This means that &n
improved load balancing is possible since the decision
whether the subscriber terminzl has to roam is based on an
extended set of information. For example, the load
balancing functiorality can consider "future" events, when
another subscriber termiral will change the AP, so that
more capacity in the present AP will be available. B
having the decision making in the AP éide load édntrﬁl

ate network element side oad control

+

device or in th#= sepsz

(U]

4}

device that monitors the whcole wiréless communication
network, the undesired ping-pong effect can be- decreased.
The load controlling is executed in a more "timing" based
manner i.e. there would be slightly longer analyzing

) decisions. Also L1

i

{roamain

- ,4' —
aa—==O

o
-ty

Q

periods over tna h

represents a support in situatlions in which subscripar

i W
terminals does noz have a possibility for sophisticatad

measurements and hand-off algorithms. Hence, the traific
load over the whole wireless communication netwocrk is

equalized.

As described above, for load balancing in a wireless
communication network comprising at least one subscriber
terminal T1, T2, T2 and a plurality of access points AP1,
AP2, RP3, 2 load control device 21, 110 1is used wnich is
located outside of said subscriber terminal, wherein szid
load control device is adapted to process information
related to a load in said wireless communication network
card subscoriber terminal IIom &l

Lael -

and Lo instruct roaming ol
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assocliated access point to another one of said plurality of
access points. Access point status information APST
determined in said plurality of access points S10, S110 is
received and communication status information related to
said plurality of access points S$20, S120 is determined.
The subscriber terminal processes S20, S120 these
information into roaming support information RSUP, which
are in turn processed 5S40, S160 in said load control device
an access point related load based roaming analysis. On
this basis, it is decided S50, S170 by the load control
device, whether said subscriber terminal is to be

‘associated with another one of said plurality of access

points.

It should be understood that ths above description and
accompanying figures are merely intended to illustrate the
present invention by way of example only. The preferred
embodiments of the present invention meay thus vary within

the scope of the attached claims.



CLAIMS

1. Method of load balancing in a wireless communicatiocn
network, said wireless communication network comprising

at least one subscriber terminel (T1, T2, T2) adepted
to establish and perform a wireless communication ,
connection in said wireless communication network,

a plurality of access points (RPl, APZ, APZ) adarted
to control said wireless communication connection of s=aid
at least one subscriber terminal and to exchangs
information with said at least one subscriber termina-,
wherein one of said plurality of access points is

associated with said at least one subscriber terminal, and

a lcad ccntrol device (21; :1C: located outside <=
szid subscriber terminal, said load control device being
acdaptad to process information rsle-ed to a load in szid

wireiess communication network and to instruct roaminz oI
said subscriber terminal from said associated one of said
‘plurality of access points to another one of said plurality
oI access polnts,

said‘method comprising the stsus of

receiving, in said subscriper terminal, access plint
status informaztion (APST) determined in said plufality of
access points (S10; S110), determining communication status

information r=lated to said plurality of access points

{

v

)

w
)

2 = -~ = = —_ 5
0:; $120) szid receivec

i

0; S$i20), and processing |

[97]
1

ess point status information and said communicaticr

acc
stztus informztion in order to obtain roaming support
information (RSUP),

processing (S40; S$160), in said load contrel device,
said roaming support information by an access point rzlated
load based roaming analvsis and deciding (S50; S§170), on
the basis of 2 result of said access point related leczd
based roaming analysis, whethey sald subscriber terimirel =
resocictad with another one of said pluraiity ©

access points, and I so,
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initializing (360; 5180) roaming of said subscrib
terminal tc said another one of sald plurality of access

o
points in said wireless communication network.

2. Method according to claim 1, wherein said access point
status information (APST) comprises an access point
identification element and an access point load status

indicator determined in a r=spective access voint.

3. Method according to claim 1 or 2, wherein, in said step
of determining communication status information, a received
signal strength indicator (RSSI) indicating the received
signal strength of said plurality of access points is
determined.

4. Method according to any cf claims 1 to 3, wherein, in
said step ci determining communication status information,
a carrier to interference ratio (C/I) per each access point

is determin=ad.

5. Method according to any of claims 1 to 4, wherein, 1in
said step ¢f determining communication status information,

a terminal transmit power status is determined.

6. Method according to any of the preceding claims, wherein
said roaming support information (RSUP), obtained in said
step of processing said received access point status
information and said communication status information,
comprises statistics of access point related communication
status and load information derived from said received

access point status information.

7. Method according to any of the preceding claims, wherein
in said step of processing, in said load control device,
said roaming support information by said access point

related load based roaming analysis, a hand-off algorithm

.
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is used to calculate load and connection quality situations
for said plurality of access points on the basis of said !
roaming support information and to determine an optimal

access point for being associated with said subscriber
terminal.

?

8. Method according to any of the precading claims, wherein
processing parameters used in said accsss point related
load based roaming analysis and derived from said roaming
suppcrt information (RSUP) are differently weighted in saic

access point related load based roaming analysis.

9. Method according to any of the preceding claims, wherein
szid load control device (21) is locatsd in at lesast one of

said plurality of access points.

10. Method according to any of claims 1 to 8§, wherein saida
load control device (110) is located ‘in a network element
(100) separated from said plurality oIf access points, said

ing connected with szaid plurality of

1
ke

[¢4]

network element b

access points in saild wireless communication natwork.

11. Method eccording to claim 10, further comprising the

steps of
transmitting (S140) access point inter

9]
“t
n
-t
@]

n
informatién (ppim) from said plurality ci access
said load control device {1i0) in said network element,

determining (S150), in said load contrel device,
access points available for said subscriber terminal and
selecting access point internal monitoring information of
seid aveilable access points, .

processing (S160), in said load control device, said
roaming support information (RSUP) and said selected access
point internal monitoring information (APIM) by ‘an enhanced

3

accecs point related load based roaming analvsis and

~cult of said enhanced

V.‘

deciding (S$170), on the bacsio of a r
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access point related load based roaming analysis, whethar
said subscriber terminal is to be associsted with another
one of said plurality of access points, and if so,
initializing (S180) roaming of said subscriber
terminal to said another one of said plurality of access

points in said wireless communication network.

12. Method according to claim 11, wherein said access point
internal monitoring information (APIM) comprises at least
one of a retransmit rate to associated subscriber
terminals, back-off windows, and a net allocation vector

for a respective one of said plurality of access points.

13. Method according to any of claims 11 to 12, wherein
processing parameters used in said enhanced access point
related load based roaming analysis and derived from sald
roaming support information and said selected access pcint
internal monitoring information ere differently weighted in
said enhanced access point related load based roaming

analysis.

14. System for load balancing in a wireless communication
network, said wireless communication network comprising

at least one subscriber terminal (T1, T2, TZ2) adaptad
to establish and perform a wireless communication
connection in said wireless communication network, and

a plurality of access points (APl, AP2, AP3) adaptsd
to control said wireless communication connection of said
at least one subscriber terminal and to exchange
information with said at least one subscriber terminal,
wherein one of said plurality of access points is
associated with said at least one subscriber terminal,

said system comprising

access point load status monitoring means (11, 12, 13;
111, 112, 113) located in each one of said plurality of

access points and adapted to measure a traffic load of zn
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access point and to transmit access point status
information (APST),

roaming support means (30; 300) located in said
subscriber terminal and adapted to recsive said access
point status information from said plurality of access
points, to determine communication stetus information
related to said plurality of access pcints, to process said
received access point status informaticn and said
communication status information in orcer to obtain roaming
support information (RSUP), and to transmit said roaming
support information, and

a load control device (21; 110) located outside of
said subscriber terminal, said load control device being
adaeptad To process said roaming sSupporc information by an
access point related load based roaming analysis, O
decide, on the basis of a result of sazld access point
related load based rcaming analysis, whether said
subscriber terminal is to be associated with ancther one of
said plurality of access pcints, and to initialize roaming
of szid subscriber terminzl from said zsscciatec cne to
saicd znother one of said plurality oi access points in said

wirsless communication n=s=twork.

15. System according to claim 14, wherein said acce
stetus information (APST) comprises an access pcint
identification element and an access jotant o

indicator determihad in & respective &Tcess poirnt.

16. Svstem according to claim 14 or 15, wherein said
roaming support means is adapted to determine a received
signal strength indicater indicating the received signel

strength of said plurality of access points.

17. System according to any of claims 14 to 16, wherein

etermines @

o3
-t
o]

id roaming support means is adapte

d
- each access peint.

1K1

carrier ro interference ratio pe
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wherein

18. System according to any of claims 14 to 17,
said roaming support means is adapted to determine a

terminal transmit power status.

19. System according to any of claims 14 to 18, wherein
said roaming support information obtained in and
transmitted from said roaming support means comprises
statistics of access point related communication status and
load information derived from said received access poin:z

status information.

20. System according to any of claims 14 to 19, wherein
said load control device is adapted to process said roaming
vsupport information in said access point related load based
roaming analysis by using a hand-off algorithm to calculate
icad and-connsction quality situations for said plurality
of access points on the basis of said roaming support
information and to determine an optimal access point for

teing associatad with said subscriber terminal.

21. System acCérding to any of claims 14 to 20, wherein |
said load contrel device is adapted to differently weiziht
processing parameters used in said access point related

load based roaming analysis and derivéd‘from said roaming

support information.

22. System according to any of claims 14 to 21, wherein
said load control device (21) is located in at least crns of

said plurality of access points.

23. System according to any of claims 14 to 21, whereirn
said load control device (110) is located in a network
element (100) separated from said plurality of access

points, said network element being connected with said
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plurality of access points in said wireless communication

network.

24. System according to claim 21, said system further

comprising

N

access point internal monitoring means (211, 212, 213)
located in each one of said plurelity of accéss points &nd
adapted to determine &access point internal monitoring
information (APIM) and to transmit said access point
internal monitoring information to said lczd control
device,

wherein said load control device (110) is adapted to
determine, from said access point internal monitoring
information, access points available for said subscriber
terminal and to select access point internzl monitoring
informaticon of said esvailables access points, to process
said roaming support information and said selectesd access
point internal monitoring information by an enhanced access
point related load based roaming analysis, to decide, on
the basis of a2 result of said enhanced access point related

load based roaming analysis, whether said subscriber

terminal is Lo bhe zssociated with another one of said
plurality of access points, and to initialize rozming ci

said subscriber terminal from said associated ons to seid
another one of said plurality of access points in said

wireless communication network.

25. System according to claim 24, wherein said access point

internal monitoring information comprises at least one of &
retransmit rate to associated subscriber terminals, back-
off windows, and a net allocation vector for a respective
cne of said plurality of access points. '

26. System accerding to any of claims 24 to 5, whereln

v : oo

> oty — P - NI 3o PRt I i - < ¥ <8 . ER S ] -7
sxid Joad conrlrol device 18 adapted Lo ciiliorenily wolaon

processing parameters used in said enhanced access point
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related load based roaming analysis and derived trom said
roaming support information and said selected access point

internal monitoring information.

27. Load control device (21; 110) for load balancing in a
wireless communication network, said wireless communication
network comprising

&t least one subscriber terminal (71, T2, T2) adapted
to establish and perform a wireless communication
connection in said wireless communication network, and

a plurality of access points (AP, AP2, AP3) adapted
to control said wireless communication connection of said
at least one subscriber terminal and ¢ exchangs |
information with said at least one subscriber terminal,
wherein one of said plurality of access points is
associated with said at least one subs:zriber tsarminal,

wherein said load control device is locatad outside of
said subscriber terminal and adapted o process roaming
support information (RSUP), received from a subscriber
terminal and derived by sa2id subscriber terminal from
access point status information (APST) of said plurality cf
access points, by an access point relzted load based
roaming analysis, to decide, on the bzsis of a result of
said access point related load based roaming analysis,
whether said subscriber terminal is to be associated with
another one of said plurality cf access points, and to
initialize roaming of said subscriber terminal from said
associated one to said another one of said plurality of
access points in said wireless communication network.

\

28. Load control device according to claim 27, whgréin said
access point status information comprises an access point
identification element and an access point load status

indicator determined in a respective access point.
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29. Load control device according to claim 27 or 28,
wherein said roaming support information comprises at least
a received signal strength indicator indicating the

received signal strength of said plurality of access

points.

30. Load control device according to any of claims 27 to
29, wherein said roaming support information comprises at

least a carrier to interference ratio per each access

point.

31. Load control device according to any of claims 27 to
30, wherein said roaming support information comprises at

least a terminal transmit power status.

vice according to any of claims 27 to

W

3Z. Load contrecl d
31, wherein said roaming support information comprises
statistics of access point related communication status and

load information derived from said access point status

information.

33. Load contrcl csvice according to any of claims 27 to
32, wherein said load control device is adapted to process
said roaming support information in said access point

related load based roaming analysis by using a hand-off

algerithm to calculate load and connection guality

situations for sa:id plurality of access points on the b

5 e
e}

"

0N

of said roaming support information and to determine an

optimal access point for being associated with said

subscriber terminal.

34. Load control device according to any of claims 27 to
33, wherein said load control device is adapted to
differently welight processing parameters used in said
acceoss peint related load based reoaming analysis and

derived {from said roaming suppert information.
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35. Load control dzvice according to any of claims 27 to
g Y

34, wherein said load control device (21) is located in at

least one of said clurality of access points.

36. Load control dzvice according to any of claims 27 to
34, wherein said lcad control device (110) is located in a
network zlement (170) separated from said plurality of
access points, said network element being connected with
said plurality of zccess points in said wireless

communication network.

37. Load control csvice according to claim 3o,
wherein said load control device (110) is adapted to
receive access point internal monitoring information (APIM)

of said plurality cf access points, to determine, Irom said

access point interrel monitoring informaticn, access pcints
available for saicd subscriber terminal and to select access
point internal monitoring information of said available

access points, to rrocess sazid roaming support infermazicon

and said selected zccess point internal monitoring
information by an =nhanced access point related load based
roaming analysis, -o descide, on the basis of a result of
said enhanced access point related load based roaming
analysis, whether said subscriber terminal is to be
associated with ancther one of said plurality of access
points, and to initiaslize roaming of said subscriber '
terminal from said associated one to said another one of
said plurality of zccess points in said wireless

communication network.

38. Load control device according to claim 37, wherein said
access point internal monitoring information comprises at
least one of a retransmit rate to associated subscriber
terminals, back-off windows, and a net allocation vector

for a respective one of said plurality of access points.
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39. Load control device according to any of claims 37 to
38, wherein said load controlvdevice is adapted to
differently weight processing parameters used in said
enhanced access point related load based roaming analysis
and derived from said roaming support information and said

selected access point .internal monitoring information.

40. Access point (AP1, AP2, AP3) usable in a wireless
communication network, said wireless communication network
comprising at least one subscriber~termihal (11, T2, T2)
adapted to establish and perform a wireless communication
connection in said wireless communication network and
further access points, said access point being adapted to
control seid wireless communication connecticn of said at
least one subscriber terminal and toc exchange information
with said at least one subscriber terminail,

wherein said access point comprises

access point load status monitoring means (11, 12, 13)
adapted to measure a traffic lvad of an access point and tec
transmit sccess point status information, andg

a2 load control device (21 according to any of cleims

41. Network element usable (1C0) in a wireless
communication network, said'wireless communication network
comprising ‘

at least cne subscriber terminal (71, T2, T2) zadapted
to establish and perform a wireless communication
connection in said wireless communication network, and

a plurality of access points (APl, AP2, AP3) adapted
to control said wireless communication connection of seid
at least one subscriber terminal and to exchange
information with sajd at least one subscriber terminal,
wherein one of said plurality of access poinis 3

- o \ 3 - a1 - 3 - ey P vy o
aasociated with said at least one cuhscriber terminegl,
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wherein said network element (L100) is separated from

and connected to said plurality of access points and
comprises a load control device (110) according to any of

claims 27 to 34 and 36 to 39.

42 . Subscriber terminal (T1l, T2, T3) usable in & wireless
communication network, said wireless communication network
comprising |

a plurality of access points (AP1l, AP2, AP3) adaptad
to control a wireless communication connection c¢f said
subscriber terminal and to exchange information with said
subscriber terminal, wherein dne of said plurality of
access points is associated with said subscriber terminzl,

said subscriber terminal comprising

roaming support means (30; 300) adapted to receive
access point status informaticn (APST) from said plurality
of access points, to determine communication status
information related to said plurality of access points, to
process said received access point status infermation and
said communicaticn status information in order to obtain
roaming support information (RSUP), and to transmit said
roaming support information to a load control device (Z1;
110) according to any of claims 27 to 39,

wherein said subscriber terminal performs, in response
to an instruction from said load control device, roaming
from said associated one to another one of said plurality
of access points in said wireless communication network,
said another one of said plurality of access points is

indicated in said instruction from said load control

device.

43. Computer program product usable for a data processing
apparatus, comprising software code portions for performing
the steps of claims 1 to 13 when said product is run on

said data processing apparatus.
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44. A computer program product according to claim 43,
wherein said computer program product comprises a medium
readable by said data processing apparatus, on which said

software code portions are stored.

45. A computer program product according to claim 43, ,
wherein said computer program product is directly loadable

into an internal m=mory of said data processing apparatus.

46. A computer program product according to any of claims
43 to 45, wherein respective elements (11, 12, 13, 21, 30;
110, 111, 112, 113, 211, 212, 213, 300) of a system
according to any of claims 14 tc 26 represent said data

processing apparatus.
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START
S10

™y

RECEIVE AP STATUS INFORMATION (APST) OF
AVAILABLE APs

S20
Y

PROCESS RECEIVED INFORMATION (C/I
"CALCULATION FOR CELLS; LISTS OF RSSI/LOAD
INFO etc.) / STORE PROCESSING RESULTS AS
ROAMING SUPPORT INFO (RSUP)

Y

SEND ROAMING SUPPORT INFO TO LOAD
"~ CONTROL (LC)

v

PROCESS ROAMING SUPPORT INFO IN HAND-OFF
ALGORITHM FCR AP RELATED LOAD BASED
ROAMING ANALYSIS

S30

S50

NO ANALYSIS RESULT

INDICATES AP CHANGE ?

S60

INSTRUCT SERVING AP TO SEND ROAMING
INITIALIZATION TO TERMINAL BASED ON

ANALYSIS RESULT
l S70

EXECUTE ROAMING TO INDICATED NEW AP
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